The purpose of this study was to investigate the effect of room temperature on physiological and subjective responses to bathing in the elderly and the young. Dressing room temperatures were 10, 15, 20 and 25 °C (50%RH). Eight healthy young and eight elderly males stayed in the dressing room for 5 minutes, and bathed to a water temperature of 40°C for 8 minutes. After bathing, the subjects were exposed to the dressing room for 10 minutes. Systolic blood pressure (SBP), skin temperatures and thermal sensation were measured before, during and after bathing.
Introduction
There were 14,249 accidental home deaths in Japan in 2010, of which 80.2% were among people over 65 years old. The most common reason for death was drowning (4, 340) , and of these 89.0% involved the elderly (Ministry of Health, Labor and Welfare, 2010) . Moreover, 92.4% of such deaths in Japan occurred in private bathrooms. Previously, most deaths by drowning occurred during the summer in swimming pools, rivers and the sea. Recently, however, the number of deaths by drowning in bathtubs has increased, with a remarkable rise in deaths among the elderly. In 2010, the rate of drowning in bathtubs was 62.5% of all drowning deaths.
Since reasons for deaths during bathing (Yoshioka et al., 2003) are not only drowning, but also include cardiovascular disease, cerebral hemorrhage, etc., the number of accidental deaths during bathing would be greater than reported. The Tokyo Metropolitan Medical Examiner's Office (2007) estimated the annual number of deaths while bathing in Japan is about 14,000. This number is almost twice the annual number of deaths in traffic accidents in Japan (7, 222) .
Moreover, there are many reports (Tochihara, 1999; Takahashi et al., 2007) that a large number of these deaths occur in winter. Funayama and Yamaguchi (1990) reported that mortality in the bathroom in December was about 10 times more than that in July. Ohtsuka et al. (2011) reported that 53% of accidental deaths in bathtubs occur from November to February. According to the World Health Organization (1996) , however, this large number of deaths by drowning among the elderly is not present in Western countries. Drowning death rates among those over 75 years old are more than 10 times as high in Japan than in Western countries. The Japanese bathing style (Tochihara, 1999) in winter, bathing in hot water to the neck in cold environments, might cause this large number of bathing deaths. Therefore, it can be proposed that accidental home death during bathing occurs especially in winter among the elderly in Japan.
Many field studies have shown (Kanda et al., 1995; Ohnaka et al., 2007; Takasaki et al., 2007) that room temperatures in dressing rooms and bathrooms in Japan are low in winter, compared to those of living rooms. Moreover, Japanese people, especially the elderly, take a hot bath almost every day. Therefore, the Japanese elderly are often exposed to cold air and hot water while they are bathing in winter. Since cold exposure and large temperature variations cause physiological burdens and serious health complications, the reason for these accidental deaths in bathtubs might be cold exposure before, during and after bathing, and bathing in very hot water. Nevertheless, although the effects of room temperature on thermal responses for the young during and after hot bathing have been studied in various laboratories (Kanda et al., 1996; Hashiguchi et al., 2002) , the number of studies of the elderly is limited. Therefore, though there are several safety guidelines for thermal conditions of the dressing room and bathroom; it is difficult to propose safety guidelines for the elderly.
Hence, the purpose of this study is to investigate the effects of room temperature on physiological and subjective responses to hot bathing in the elderly and the young, and propose safety guidelines for thermal conditions of the dressing room and bathroom for the elderly.
Methods

Subjects
Eight young (21-26 yrs) and eight elderly (65-73 yrs) male volunteers participated in this study. The means and standard errors of their age, height, body weight and body fat percentage (%Fat) are shown in Table 1 . Skinfold thicknesses were measured at triceps, subscapular and abdomen with an Eiken type caliper. Body density was predicted from the Nagamine equation (1975), and %Fat was computed from body density according to the formula of Brozek et al. (1963) . Although there was a significant difference in height between the young and elderly groups, there were no differences in body weight and %Fat. Before participation, each subject was screened by a medical doctor. All subjects were normotensive, none were taking medicine, or had a history of cardiovascular disease. A medical doctor participated in all of the experiments involving the elderly to check their health. Written informed consent was obtained from all subjects after a full explanation of the study requirements and the risks involved.
Procedure
Two adjacent climatic chambers and a bathing room were used. One was a pre-room kept at 23°C. The other was a dressing room kept at 10, 15, 20 or 25°C with 50% relative humidity. After staying more than 30 minutes in the pre-room, physiological and subjective responses were measured for 10 minutes (Figure 1 ). Thereafter the subjects moved to the dressing room and took off standard clothing (0.6 clo), and stayed there for five minutes. The subjects moved to the bathroom and bathed for eight minutes, immersed to the neck in a Japanese-style bathtub. The water temperature of the bath was kept at 40°C which is the average value in Japan . After bathing the subjects dried themselves with towels, and stayed in the dressing room for another 10 minutes. The subjects wore only shorts in the dressing room and bathroom. The subjects bathed under four thermal conditions on separate days. All the experiments for a particular subject were conducted at the same time of day. The experiments were carried out in spring.
Measurements
Rectal temperature (Tre) was measured with a thermistor at a depth of 13 cm from the anal sphincter Figure 1 . An electrocardiogram using chest electrodes was monitored continuously by a medical doctor during the experiment. Whole body thermal sensations (TS) were also measured during the experiments. TS was rated on a 9-point scale (+4: very hot, +3: hot, +2: warm, +1: slightly warm, 0: neutral, -1: slightly cool, -2: cool, -3: cold, -4: very cold). The subject was allowed to vote between points (e.g. +1.5).
Statistical analysis
Data are presented as the mean (± SE). Results of physiological and subjective data were analyzed by repeated-measures analysis of variance (ANOVA) using SPSS 16.0J for Windows (SPSS Japan Inc., JAPAN) at each time of the measurement. For the ANOVA of the data, the factors were age and temperature. The t-test was used for comparisons between the elderly and young subjects, when the interaction between the age and temperature was significant. As for the Tre and Tsk, statistical analyses were conducted only when the subjective responses were measured. Differences at p<0.05 were significant for all statistical analyses. Figure 2 shows changes in Tre for both groups. Each value shows the average for subjects. Rectal temperatures of some subjects were not able to be recorded since the probes were out of their anal sphincter. In the pre-room and the dressing room before bathing, Tre were around 37.2°C on average at the 4 room temperatures for both groups, ANOVA shows no significant differences in the Tre among room temperatures and age groups. Changes in Tre during bathing were less than 0.04°C on average for all conditions. After bathing, Tre increased by 0.1°C on average for all conditions over a period of 10 min. Figure 3 shows changes in Tsk for both groups. Each value shows the average for eight subjects. Tsk of the elderly were significantly (P<0.001) higher than those of the young in the pre-room, but average values of both groups were between 33 and 34°C. Tsk decreased at all room temperatures in the dressing room. Tsk of both groups increased up to 38.3°C during bathing, and decreased again in the dressing room after bathing.
Results
Rectal temperature and mean skin temperature
In the dressing room before bathing, ANOVA showed significant (P<0.001) differences in the Tsk among room temperatures and age groups. There was also significant (P<0.01) interaction between age group and room temperature. There were no differences in Tsk between the groups at 25 and 20°C, but Tsk of the elderly were significantly higher than those of the young at 15 (P<0.05) and 10°C (P<0.001). The differences in Tsk between the groups became larger at the lower room temperatures. In the dressing room at 10°C before bathing, Tsk of the young and the elderly decreased to 29.8 °C and 31.2°C, respectively. This difference was highly significant (P<0.001).
During bathing, there were significant (P<0.001) differences in the Tsk among room temperatures, but no difference between groups. In the dressing room after bathing, ANOVA showed significant differences (P<0.001) in the Tsk among room temperatures. At the end of the dressing room, Tsk of the elderly were significantly (P<0.05) higher than those of the young. Figure 4 shows changes in systolic blood pressure (SBP) before, during and after bathing. Each value shows the average for eight subjects. The average SBP of the elderly was significantly (P<0.001) higher than those of the young during the experiments. At all room temperatures, SBP increased in the dressing room, decreased during bathing, and increased again in the dressing room after bathing. Although there was no significant difference in SBP during bathing among room temperatures, the SBP before and after bathing in the dressing room showed significant (P<0.05) differences among the room temperatures. The changes in SBP compared with the values in the pre-room were greater in colder conditions for the elderly than the young. For example at 10°C, SBP in the elderly increased by 40 mmHg in the dressing room, and decreased by 30 mmHg during bathing. These changes were about three times greater than those for the young. Figure 5 shows the average increase in SBP while in the dressing room before bathing for both groups under four temperature conditions. ANOVA showed SBPs of the elderly and lower room temperatures were significantly (P<0.001) higher. Moreover, there was a significant interaction (P<0.05) of age and temperature on the change in SBP. The increases in SBP of the elderly at 10, 15, 20°C were significantly (P<0.05) higher than those of the young. The differences between the age groups were double. However, there was no difference in SBP changes between the age groups at 25°C. These results indicate that even a room condition at 20°C is a physical burden for the elderly. Figure 6 shows changes in TS. In the pre-room, TS was almost "neutral" in both groups. TS changed to cooler under all thermal conditions in the dressing room. TS in both groups became warmer during bathing, and became cooler again in the dressing room after bathing. In the dressing room before bathing, ANOVA showed significant (P<0.001) differences in TS among room temperatures, and the elderly felt significantly (P<0.05) warmer than the young. There was a main significant (P<0.001) effect of age group on TS during bathing, the young indicated their bodies were "warm or hot", while the elderly said "slightly warm".
Blood pressure
Subjective response
There were significant main effects of room temperature on TS in the dressing room after bathing.
Discussion
Japanese people, especially the elderly, take great enjoyment in the Japanese bath, taking one almost every day (Kanda et al., 1995) . Their winter bathing style is unique to Japan and its traditional culture (Tochihara, 1999) . The style differs from the Western style in the following ways: 1. Japanese people use deep bathtubs, and immerse themselves in a hot bath to the neck. 2. Due to the shortage of heating systems in dressing rooms and bathrooms, room temperatures are low in Japan. These two differences might cause the large number of accidental deaths due to bathing in winter among the elderly in Japan. Although effects of bathing in hotter water in deep bathtubs on physiological and subjective responses have been reported on both the young Hashiguchi et at., 2002) and the elderly (Nagasawa et al., 2001; Chishaki et al., 2005 : Asakawa et al., 2006 , the effects of room temperature on these responses before, during and after bathing have been reported only for the young (Kanda et al, 1996; Hashiguchi et al., 2002) .
In the dressing room before and after bathing, the young's thermal sensations and discomfort varied according to room temperature. Room temperature did not influence the elderly as much as the young. They did not complain of cold as much as the young did. The warmer thermal sensation of the elderly might be due to (Figure 3) . Tochihara et al., (1993) investigated the differences in thermal sensations during cold exposure between the young and the elderly subjects, and reported that the elderly subjects did not feel as cold as the young during early cold exposure. These results indicated that elderly subjects have a reduction in sensitivity to cold. Murata and Iriki (1974) measured the number of cold points in various cutaneous areas for young and elderly subjects, and reported that the number of cold points for the elderly was only half that of the young. Similarly, the elderly did not complain of hot water during bathing as much as the young did. Tochihara et al. (2011) reported that cutaneous warm thresholds for the elderly were significantly higher than the young at 28 and 22°C. The elderly need greater heat to detect the sensation of warmth. Collins et al. (1981) measured peripheral temperature discrimination in relation to age, and found the discrimination deteriorated markedly in people over 60 years of age. The decreases in stimuli to the central nervous system from the skin produce these reductions of thermal sensitivity. The elderly's lower degree of discomfort at 10°C and in hot water are the results of general reduction of a thermal sensitivity.
Several studies (Hashiguchi et al., 2002; Yamazaki R., 2007) reported that the physiological strains during half-body bathing and bathing in cooler water are less than whole-body bathing and hotter water immersion. However, colder room temperatures made it more difficult to retain body warmth during and after half-body bathing and cooler water immersion. It is particularly important to maintain an acceptable temperature in the dressing room and bathroom in order to bathe comfortably and safely.
It is well-known that low air temperature is associated with a rise in blood pressure (Jansen et al., 2001 ). There have been several studies which showed a greater increase in blood pressure due to cold in the elderly as compared to younger people (Tochihara et al., 1993; Hashiguchi et al., 2004; Hashiguchi et al., 2011) . Collins et al. (1985) studied blood pressure of young and elderly subjects wearing standard clothing (nightwear) at 6, 12 and 15 °C, and reported that increases in SBP were significantly greater for the elderly than for the young. Moreover, they found that the SBP of the young at 12°C did not increase during the exposure, but the SBP of the elderly increased even at the same room temperature. It was at 15°C that the SBP of the elderly did not increase during exposure. Therefore, they suggested that 15°C should be the minimum room temperature at which the elderly keep their homes. In this study, the subjects wore only shorts before, during and after bathing, so minimum room temperature should be higher than 15°C. As shown in Figure 5 , the increases in the SBP of the elderly at 10, 15, and 20°C were significantly higher than those in the young, but no different at 25°C. It is believed that less than about 10 mmHg change in SBP at rest is not a burden for the human body. Therefore, for the young, a room temperature of 20°C is safe enough to bathe. However, the increase in SBP of the elderly at 20°C was about 25 mmHg, so 20°C is not a safe room temperature for bathing for the elderly. Chiba et al. (2005) measured cardiac responses, such as blood pressure, pulse wave, ECG, of the elderly during actual bathing situations in summer (bathroom temperature was about 25°C) and winter (bathroom temperature was about 20°C). They reported significant and substantial cardiac changes in winter. Therefore, when we decide the minimum temperature of the bathroom and dressing room, the temperature for the elderly should be higher than for the young. A room temperature below 20°C is still a physical burden for the elderly.
Conclusions
In cooler conditions, mean skin temperatures of the elderly before and after bathing were significantly higher than those of the young, and the elderly did not complain of the cold in the dressing room or of the hot water as much as the young did. On the other hand, blood pressure increase before and after bathing, and decrease during bathing of the elderly were significantly greater than those of the young. These physiological and subjective responses during bathing in cold environments put the elderly at high risk of serious complications which lead to drowning in bathrooms. It is recommended that bathroom and dressing room temperatures be higher for the elderly than the young.
